The aim of this paper is to investigate the return and volatility linkages among Moroccan stock market with that of U.S. and three European countries (France, Germany and U.K.) before and during the nancial BEKK GARCH model, we analyze the return and volatility spillover eects between the Moroccan market and the other considered markets. Moreover, the identication of break point due to the subprime crisis is made by Lee-Strazicich (2003 and Bai-Perron (1998 structural break tests. The empirical ndings provide clear evidence of stronger linkages between the Moroccan market and the four other considered stock markets have been created during the subprime nancial crisis period.
Introduction
The global subprime nancial crisis and its consequences to international markets attracted great attention from academics, investors and policy makers. Already, there is a large literature investigating the theoretical and empirical mechanisms of international volatility transmission of crises. The volatility spillover eect states that volatility of asset prices in one market can be explained or predicted by innovations in other markets; in other words, two or more markets are interdependent in terms of their price volatility. Extant literature usually examines volatility spillover among national equity markets. On the theoretical side, King and Wadhwani (1990) , and Kaminsky and Schukler (1999) suggested an analysis based on revision of expectations and herding behaviour, respectively. Furthermore, more recently, Stevens (2008) An understanding of the magnitude and direction of linkages and spillover eects is an essential part of nancial managers and policy makers' information set. From the nancial managers' point of view, knowledge of markets interdependence is important in determining hedging and diversication of their international investment. Furthermore, from a policy maker's point of view, nancial instability, such as a bank collapse and stock market crashes, are major issues that directly inuence a country's welfare.
Other recent research has considered to the linkages between developed markets and emerging markets, as pointed out by economists and nancial analysts the benets of international diversication rely increasingly on investment in emerging markets (Goetzmann et al., 2005) . Worthington and Higgs (2004) explore the transmission of stock returns and volatility in Asian developed markets and emerging markets during the period 1988-2000. They identify the source and magnitude of spillovers by using the multivariate GARCH model and demonstrate that the mean spillovers from the developed to the emerging markets are not homogenous across the emerging markets, and direct spillovers are generally higher than indirect spillovers, especially for the emerging markets. At the same time, researchers have also investigated the extent of the transmissions across dierent markets during a specic event such as a nancial crisis (e.g. Caporale et al., 2006; Neaime, 2012 ).
Our paper focuses on VAR-GARCH approach to study the spillover eects and equity volatility transmission empirically on the Moroccan market due to 2008 US subprime crisis. At the best of our knowledge, this is the rst study of its kind to focus on spillovers eects and interdependences between the Moroccan equity market and those of U.S., U.K., France, Germany. To explore these eects, we apply a bivariate VAR-GARCH framework with the BEKK representation proposed by Engle and Kroner (1995) to model and test for cross-market spillovers in means and variances of stock returns. This approach builds and expands on the methodologies adopted in earlier studies such as Ng (2000) , and Bekaert et al. (2005) .
In order to do this study, we will investigate to study whether the US subprime nancial turmoil has had any statistically signicant eect on the conditional return and volatility of stock prices in the Moroccan stock market, for which the VAR-BEKK GARCH methodology is adopted. Further, we analyze the volatility linkages between the Moroccan stock market and the U.S., France, U.K. and Germany stock markets before and after the US subprime crisis. Therefore, we contribute to the literature of volatility spillovers and contagion among the nancial markets around the nancial crisis of 2008. Firstly, we use the Bai-Perron's (1998, 2003) and Lee-Strazicich's (2003 tests for the identication of the structural break and locate the period before and after the crisis. Then, we investigate VAR-BEKK GARCH models to study the volatility transfers, i.e. The structure of our paper is presented as follows. Section 1 briey reviews the literature on volatility transmission. Special emphasis is given to research focussing on spillovers. In Section 2, we outline the methodology used to develop our empirical analysis. The data is described in Section 3, followed by structural break detection. Section 4 is devoted to our empirical results and discussions. Section 5 concludes.
Methodology
In this section we present the econometric tools we use to develop our empirical analysis. We intend to study whether the US subprime nancial turmoil has had any statistically signicant eect on the conditional volatility of stock prices in the Moroccan stock market, for which the BEKK methodology is adopted, developed by Engle and Kroner (1995) . In order to do this study, we will test the spillover eects between the Moroccan stock market and the U.S., France, U.K. and Germany stock markets considering the pre-and post crisis periods. 
Structural break tests
To identify the possible structural changes, we use two reliable tests which have been widely used on nancial and macroeconomic time series for analysis of structural breaks : The rst one is due to Perron (1998, 2003) who have pioneered the development of the endogenous method for multiple structural change models.
Their method was superior and statistically sophisticated as compared to the exogenous method as it allowed simultaneous estimation of multiple break points. The second one is the Strazicich (2003, 2004 ) test which allows for two structural breaks in the trend under both the null and the alternative hypothesis of a unit root, and does not suer from spurious rejection of the null.
Bai and Perron tests
First, we address the issue of estimating the number of breaks and their locations in the NASDAQ daily stock index series using Bai-Perron tests (1998, 2003) . This approach allows the estimation of multiple structural shifts in a linear model estimated by least-squares. It is a selection procedure based on a sequence of tests to estimate consistently the number of changes. It focuses on the instability problem in the time.
When considering the standard linear regression model as following :
with Y t is the observed dependent variable, X t and Z t are vectors of covariates, and β and δ j are the corresponding vectors of coecients. The parameter m is the number of breaks. The break points (T 1 , ..., T m )
are explicitly treated as unknown and for j = 1, ..., m , we have
Note that in this structural change model, only δ j coecients are subject to change over time. The hypothesis that the regression coecients remain constant is as follows :
against the alternative that at least one coecient varies over time.
The purpose is to estimate the unknown regression coecients and the break dates (β, δ 0 , δ 1 , . . . , δ m , T 1 , . . . , T m ) when T observations on (Y t , X t , Z t ) are available.
Bai and Perron (1998) impose some restrictions on the possible values of the break dates. Indeed, they dene the following set for some arbitrary small positive number as following :
This condition is made to restrict each break date to be asymptotically distinct and bounded from the boundaries of the sample. 
Lee and Strazicich tests
The LM unit-root tests proposed by Strazicich (2003, 2004 ) allow for until two breaks in the deterministic trend under both the null and the alternative hypotheses in a consistent manner. The tests employ a data generating process (DGP) as follows:
where Z t is a vector of exogenous variables and ( t ) ∼ iidN (0, σ 2 ). We consider two structural breaks as follows: Model A allows two changes in levels so that
, where D jt is a dummy variable equal 1 if t ≥ T Bj + 1; and 0 otherwise and T Bj represents the date the break. Model C allows two changes in both levels and trend, so that
and 0 otherwise. Lee and Strazicich (2003) demonstrate that the asymptotic distribution of the null hypothesis of the endogenous structural two-breaks LM unit root test for model A is invariant to the location and size of the structural breaks.
Although the invariance property does not hold strictly for the model C, the minimum LM test statistic, in contrast to the Lumsdaine and Papell (1997) test, does not diverge in the presence of structural breaks in the null, even when the breaks magnitude is large.
VAR(p)-GARCH(1, 1) model using the BEKK method
We consider a VAR(p)-GARCH(1, 1) model in a BEKK form. The BEKK kind of multivariate GARCH models (Engle and Kroner, 1995) allows to keep the interactions in the variances of multiple series. This is useful to show the volatility transfers from one market to another. Moreover, the BEKK kind of multivariate GARCH can be used in association with a VAR specication, allowing a computation of VAR-coecients that are ecient and consistent even if the residuals of the classical VAR do not present a Gaussian distribution and a constant variance.
The mean equation is given by the following representation :
with t ∼ N(0, H t ), where the variance equation is given as follows :
where the matrices β(i), C, A 1 and B 1 are of dimension d × d (C is higher triangular), with d equals the number of equations. Because of paired matrices, symmetry and non negative deniteness of the conditional variance matrix H t is assured (see Engle and Kroner, 1995) .
In the case with 2 dimensions, we have :
1. For the mean equation (6):
For the variance equation (7):
We note that in this BEKK model, a 21 and a 12 are dierent from each other, as are b 21 and b 12 .
The variance system has 11 parameters for two equations (24 for three equations). The parameters of the mean and the variance equation are estimated by maximum likelihood.
We estimate a series of bivariate models based on the equations 6 and 7 above in order to capture cross market return and volatility spillovers :
The simultaneous estimation of the parameters in the mean and in the variance equations is reached by maximum likelihood. 
The presence of return and volatility spillovers is examined by testing the validity of restrictions on the above model. So, we test spillovers in means and variances by placing restrictions on the relevant parameters and computing the following Wald test :
where R is the q × k matrix of restrictions with q equal to the number of restrictions and k equal to the number regressors ;θ is a k × 1 vector of the estimated parameters, and V ar(θ) is the heteroscedasticity robust consistent estimator for the covariance matrix of the parameter estimates. The tests involve joint hypotheses at 2, p, 2p + 4 degrees of freedom (k). Specically, hypotheses that allow for no spillovers in mean, no spillovers in variance and no spillovers in both were tested :
Hypotheses: No Spillovers in mean
Hypotheses: No Spillovers in variance
Hypothesis : No Spillovers
3 Data and structural break detection
In this section, we rstly present the description of the dierent data used in our analysis. Secondly, we apply the tests discussed in the previous section for structural break detection.
Data description
The Casablanca Stock Exchange (CSE), which achieves one of the best performances in the region of the Middle We compute the returns (Stock return, R it is measured as logarithmic dierence of the price series, P it as follows: R it = 100 * ln(P it /P i(t−1) )) for each index. Panel 1 displayed in the Appendix shows the dynamics of all return series.
Testing for the structural breaks
In order to analyze the spillover eects between Moroccan market and the four other considered markets before and after the subprime crisis, we rst estimate the break point due to the subprime crisis on NASDAQ index using the unit root tests with multiple structural breaks of Bai-Perron (1998 and Lee-Strazicich (2003 . It gures out from our analysis that September 26, 2008 is break date which occurred due to the US subprime crisis 1 .
First, we use the methodology proposed by Lee-Strazicich. Thus, the one lag (k=1) included in the Equation To identify the most appropriate lag order for the VAR model, we use information criteria including Akaike Information Criterion (AIC), the Schwarz Bayesian Criterion (SBC) and the Hannan-Quinn Criterion (HQ).
Data preliminary analysis
For the pre-crisis period, we choose respectively 1, 1, 3 and 2 as lag lengths for the pairs (1) to (4). For the post-period crisis, we adopt for the same pairs the lags 1, 2, 5 and 2 respectively.
Granger causality tests of the previous lag orders indicate evidence concerning the existence of spillover eects from the considered economic partners to Morocco in the pre-crisis period and from the U.S. and the U.K. in the post-crisis period. Moreover, the tests show also that there is also spillover eects from Morocco to France and U.K. in the same period (See Table A .4 in the Appendix).
Empirical results
Using the VAR-GARCH framework with the BEKK representation, we examine in our empirical analysis the return and volatility spillover eects between four matures stock markets (U.S., France, U.K. and Germany) and the local Moroccan stock market before and during the global crisis period. In the Appendix, we present in the Tables A2-A3 To analyze the phenomenon of return and volatility spillovers between the foreign stock markets and the Moroccan stock market, we propose in the following two subsections. In the rst one, we interpret the signicance of our estimated BEKK persistence parameters.
In the second, we analyze the return and volatility spillover eects between the four considered foreign markets and the Moroccan market in the pre-and post-crisis periods.
Shocks and volatility persistence
According to Tables A2-A3 , all a ii and b ii estimated coecients of BEKK model in the pre-and post-crisis periods are statistically signicant at 1% level. The signicance of estimated coecients a ii means that news/shocks in a specic market are of great importance for future volatility in that specic market. In absolute value, the estimated coecients a 11 are higher than a 22 . This means that the news/shocks have more impact on the volatility in Moroccan market compared to U.S. and European markets. Furthermore, the signicantly high estimated coecients b 11 and b 22 indicate the highly persistence of volatility in all the ve markets. The estimated coecients b 22 are higher than b 11 . That is, the own past volatility eects the conditional variance in the foreign equity markets persist more compared to the Moroccan one.
Note that for all countries pairs, the estimated coecient a 11 was negative in pre-crisis period and positive in post-crisis period. So it means that the Moroccan market volatility is more sensitive to market events in the post-crisis period.
Spillover eects of U.S. nancial crisis on the Moroccan stock market
As generally used in the literature, the existence of volatility spillovers implies that one large shock increases the volatility not only in its own asset or market but also in other assets or markets. The study of volatility spillovers can be helpful when considering the importance and extend of nancial volatility linkages across countries. In this sub-section, we compare the return and volatility spillover eects between the four considered foreign stock markets and Moroccan stock market during the crisis and tranquil periods. In the Appendix, Tables A2-A3 give estimation results of the bivariate VAR-BEKK GARCH model in pre-and post-crisis periods for each pair: Morocco-U.S., Morocco-France, Morocco-U.K. and Morocco-Germany.
Furthermore, Table A .5 summarises the results obtained from the outlined above testing methodology about mean and volatility spillovers between foreign stock markets and Moroccan stock market. These results are consistent with the above Granger causality tests (see Table A Regarding the shock transmissions between the Moroccan market and others in the pre-crisis period, the results displayed in rst half of Table A .5 suggest that unidirectional mean spillover eects exist from U.S., France, U.K. and Germany to Morocco (H 1 ). On the second hand, there is no signicant volatility spillover between the foreign markets and the Moroccan market (H 3 and H 4 ). These results give clear evidence that, before the subprime crisis, mean spillovers existed from the U.S., France, U.K. and Germany markets to Moroccan Market.
Post-crisis period
As it was pointed out in the existing literature, the correlations among the markets and countries show an increasing trend in the crisis period. To analyze the shock and volatility transmission in the post-crisis between the Moroccan market and the four foreign markets, we refer to the second half of Table A .5 displayed in the Appendix. Hypothesis 1 does not accept the restrictions on the coecients β 12 (i) for the pair Morocco-U.K. at 1% level. This indicates that, during the crisis period, unidirectional mean spillover eects exist from the U.K.
market to the Moroccan market. This provides evidence supporting return spillover from U.K. to Morocco.
On other hand, Hypothesis 4 is rejected at 1% level for the pairs Morocco-France and Morocco-Germany. The results indicate that the parameters, capturing volatility spillovers from moroccan market, change during the turbulent period in the French and German markets 3 . This consistent nding is in favor of increasing volatility 3 The results for France and Germany are in line with those obtained by Beirne et al. (2008) linkage between the Moroccan stock market and the European considered stock markets (France, U.K. an Germany) during the last nancial crisis.
Conclusion
The current international nancial crisis which started in U.S. has revealed a high interdependence between nancial markets worldwide. The aim of this paper focuses to empirically investigate the return and volatility spillover eects between the Moroccan stock market and the France, U.S., U.K. and Germany stock markets Note: ***, **, * denote significance at the 1%, 5% and 10% levels respectively. 
